We have studied some characteristics of clear air echoes in the lower stratosphere and troposphere from simultaneous observations of vertical echo power and temperature profiles. The vertical echo power has been oversampled every 75 m with a height resolution of 150 m by the middle and upper atmosphere (MU) radar (35øN, 136øE) . During the radar observations a radiosonde was launched at the MU radar site in order to measure temperature, humidity, and pressure with a height resolution of a few tens of meters, from which the mean gradient of generalized potential refractive index, M, was determined. In the lower troposphere (below 10 km altitude), M is enhanced owing to humidity by about 10-20 dB, and its fine structure is mainly determined by the vertical gradient of humidity. The relatively large time-height variation of tropospheric echo power seems to be attributed to rapid changes in the humidity profile. 
INTRODUCTION
MST radars operated at VHF and UHF utilize a physical principle that radio waves in these frequency bands are scattered and/or reflected by fluctuations in the radio refractive index of the atmosphere. They are extensively used for the monitoring of the three components of the wind field and turbulence parameters in the troposphere and middle atmosphere. It is widely accepted that for VHF radar observations isotropic turbulent scattering is dominant in the oblique directions [VanZandt et al., 1978'1, and reflection from stratified layers becomes dominant in the vertical direction 
where C is a constant which is determined by the radar wavelength and the height resolution of the radar sampling volume.
On the other hand, the radar reflectivity is proportional to N-eMee for isotropic turbulent scattering observed by oblique beams pointed sufficiently far from the zenith, where e is the eddy dissipation rate within a turbulent layer . If we consider (eb), the radar reflectivity for isotropic turbulent scattering becomes proportional to Nee as the humidity goes to zero, while pe for specular reflection detected near the vertical direction becomes proportional to N4E(2k). Therefore these two scattering mechanisms are characterized by proportionality to either N e or N '• as well as the turbulence parameters.
In the following sections we will show that variations of vertical echo power are determined mainly by variations of M e rather than variations of E(2k).
Furthermore, we will examine the effects of gravity waves on the structure of the vertical echo power profile. s. In this analysis, data were averaged over five records in order to make the entire data set compact.
Below about 10 km there was a large time-height variation of intense scattering layers. A thin intense echoing layer can be recognized at altitudes of 9-12 km, whose relation to a passage of a high-level front will be discussed in the next section. In the stratosphere, reflection layers are fairly stratified and show downward or upward phase progressions, suggesting a manifestation of gravity wave effects on these reflection layers.
Since temperature and humidity profiles play a major role in determining the characteristics of verti- The refractive index gradient in the troposphere includes effects of specific humidity q and its vertical gradient c•q/c9z. As shown in Figure 4 , the specific humidity was large below 1.5 km altitude. We see that q had an enhancement at 4.5-5.2 km, a local minimum at 5.5-6 km, and a fairly broad enhancement above 6 km with a sharp ceiling at around 10 km, which corresponds to the bottom of the upper troposphere. Figure 8d . These analyses indicate that the height structure of $• with a vertical resolution of 150 m is mainly determined by M 2, thus N 2, which suggests that in (4), M 2 varies much more than the factor E(2k).
As described concerning the profile of temperature perturbation shown in Figure 2 , Fritts et al. [1988] have shown that at wave numbers greater than the breakpoint (around 1/2.5 c/km) the vertical wave number spectra of both temperature and wind velocity have a slope of -3, which quantitatively agrees well with the saturated spectrum of gravity waves. We will now investigate a slope of the vertical wave number spectra of N 2 at higher wave numbers than the breakpoint. If temperature perturbations are expressed by a Fourier series, then the spectral energy density of N 2 is proportional to the product of the wave number squared and the spectral energy den- 
